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SPECIFICATION 



1. Title of the Invention 

Semiconductor device 



2. Claims 

A semiconductor device, characterized by comprising: a single crystal layer of 
magnesia spinel (MgO) Ux (Al 2 0 3 \, x = 0.5-0.9; and a single crystal compound 
semiconductor active layer, epitaxially grown in sequence on a single crystal silicon 
substrate. 



3. Detailed Description of the Invention 

The present invention relates to a semiconductor device formed on a novel wafer 
structure, and particularly to a compound semiconductor device. 

The conventional process for producing substrate wafers for field effect 
semiconductor devices employing, for example, gallium arsenide (GaAs) compounds 
involves cutting substrates from single crystal GaAs doped with chromium (Cr) or the like, 
depositing a GaAs buffer layer over the substrate, and then forming a GaAs active layer on 
the surface thereof. The interposition of an epitaxial buffer layer between the active layer 
and the substrate is done because the cut single crystal substrates contain numerous crystal 
defects and have poor crystallinity, and because the high impurity concentration results in 
poor insulating properties. Since compounds such as GaAs for use as single crystal 
substrates and buffer layers are expensive, there has been proposed a semiconductor 
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device wherein the aforementioned drawbacks are eliminated by growing a single crystal 
alumina (A1 2 0 3 ) layer on a substrate of single crystal silicon (Si) and using the A1 2 0 3 layer 
as the buffer layer. This A1 2 0 3 buffer layer exhibits high electrical insulating properties, 
but has the drawback of dilatory effects on the characteristics of the semiconductor device 
due to poor lattice matching between the Si substrate and the GaAs buffer layer. 

It is an object of the present invention to provide an inexpensive substrate wafer 
having an interposed buffer layer with good lattice matching, with the aim of providing a 
semiconductor device comprising a single crystal layer of magnesia spinel 
(MgO), x (Al 2 0 3 ) x , x = 0.5-0.9 (buffer layer) and a single crystal compound semiconductor 
layer (active layer), epitaxially grown in sequence on an Si substrate. 

A fuller understanding of the invention is provided by the following description 
embodiments, made with reference to the accompanying drawings. 

Fig. 1 shows in sectional view a substrate wafer of the invention comprising an Si 
substrate 1 approximately 300 um thick and having formed thereon a single crystal buffer 
layer of magnesia spinel (MgOMAl.O,),, x = 0.5-0.9 about 1 to 2 um [thick], and on the 
top face thereof a single crystal GaAs active layer 3 several A thick. 

The chemical reaction for epitaxy of the magnesia spinel on Si substrate 1 is given 
by the following two formulas. 

Al + 3HCl->AlCl 3 + 3/2H 2 (1) , B 

(1 - x) (2MgCl 2 ) + (1 - x) C0 2 + x • 4A1C1 3 
+ x-3C0 2 ^2(MgO),. x (Al 2 0 3 ) x , 
+ (l+2x)CCL, (2) 
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The source materials must all be of high purity. 99.999% metallic Al, 99.99% HC1 
gas, 99.9% C0 2 gas, and the like may be used. 

Fig. 2 shows the vapor phase epitaxy unit for the magnesia spinel. 4 is a quartz 
reaction tube, 5 is an Si substrate, 6 is a heating element for the substrate, 7 is a source 
boat containing aluminum, 8 is a source boat containing a magnesium chloride (MgCl 2 ) 
liquid, and 9 and 10 are heaters therefor. The gas line system includes [a line] 1 1 for 
delivering hydrochloric acid (HC1) gas, [a line] 12 for dehvering carbon dioxide (C0 2 ) gas, 
[a line] 13 for delivering hydrogen (H 2 ) gas, a purge line 14, and [a line] 15 for venting 
waste gas after the reaction. 

The Al metal contained in source boat 7 is heated, reacted with the HC1 gas 
(delivered on H 2 carrier gas) to give the reaction represented by formula (1), forming 
aluminum chloride (A1C1 3 ) gas. The magnesium chloride (MgCl 2 ) liquid contained in 
source boat 8 is heated to produce MgCl 2 gas which is then carried to the Si substrate 5 
on H 2 gas. A separate C0 2 gas/H 2 gas feed is delivered directly to the quartz reaction tube 
4, and these are mixed, giving rise to the equation represented by formula (2) whereby 
magnesia spinel is deposited on a Si substrate 5 heated by heating element 5 [sic]. 

Heating temperatures for Si substrate 5, source boat 7, and source boat 8 are 
1 100°C, 600°C, and 900°C, respectively. Where HC1 gas flow rate is 20 cc/min, C0 2 gas 
flow rate is 60 cc/min, and H 2 gas flow rate is 15 L/min, the rate of growth of the 
magnesia spinel is 0.08 um/min, and a good epitaxial layer is obtained. 

Next, a single crystal GaAs active layer is grown over the single crystal magnesia 
spinel buffer layer. Source gases for epitaxy of the active layer include inter alia 
trimethylgallium ((CH 3 ) 3 Ga) and arsine (AsH 3 ); triethylgallium ((C 2 H 3 ) 3 Ga) and arsine 
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(AsH 3 ); and diethylgallium chloride ((CzH^GaCl) and arsine (AsH 3 ). The method 
described in the present embodiment employs (CH 3 ) 3 Ga and AsH 3 . 

Fig. 3 shows the vapor phase epitaxy unit for the GaAs active layer. 16 is a quartz 
reaction bell jar, 17 is an Si substrate furnished with a magnesia spinel epitaxial layer, 18 is 
a heating element (a high frequency coil or the like), and 19 is a carbon susceptor, rotary 
motion being imparted to the carbon susceptor. The gas line system includes [a line] 20 
for delivering (CH 3 ) 3 Ga on H 2 carrier gas, [a line] 21 for delivering AsH 3 on H 2 carrier 
gas, a line 22 for delivering the dopant, and [a line] 23 for venting waste gas after the 
reaction. It is possible to use hydrogen sulfide (H 2 S) or the like as an n type dopant, or 
dimethylzinc ((C 2 H 3 ) 2 Zn) or the like as a p type dopant. 

Using a vapor phase epitaxy unit of this kind, epitaxy of AsH 3 and (CH 3 ) 3 Ga in a 
molar ratio of 10 to 30 with the Si substrate 17 heated to a temperature of 700-740°C 
affords a high-quality GaAs epitaxial [layer] having a smooth face. That is, the GaAs 
epitaxial layer is a substantially uniform epitaxial layer with good crystallinity and a surface 
substantially free of hillock and pyramid projections. As noted, the use of the single 
crystal magnesia spinel buffer layer is responsible for this, due to smaller lattice mismatch 
than is the case where a single crystal A1 2 0 3 buffer is used. Measurement of lattice 
mismatch is about 1% where x = 0.5 in the magnesia spinel layer and about 4.5% where x 
= 0.9, versus 5.6% with a y-Al 2 0 3 layer and 15% with a cc-Al 2 0 3 layer. Good crystallinity 
is achieved where x > 0.5 in the magnesia spinel layer, and therefore x = 0.5 is selected as 
the upper limit. 

Using substrate wafers produced in this manner, it becomes possible to produce 
inexpensive semiconductor devices of high quality, such as microwave semiconductor 
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elements, MESFETs, Gunn diodes, varactors, and the like provided on the surface with z 
GaAs active layer. 

While the preceding description pertains to GaAs semiconductor devices, the 
invention is applicable to other compound semiconductor devices as well, and has 
immense practical value in inexpensive manufacture of highly reliable semiconductor 
devices. 

4. Brief Description of the Drawings 

Fig. 1 shows in sectional view a substrate wafer for use in a semiconductor device 
of the invention; Fig. 2 shows a vapor phase epitaxy unit for a single crystal magnesia 
spinel layer; and Fig. 3 shows a vapor phase epitaxy unit for a single crystal GaAs layer. 

1: single crystal silicon substrate; 2: single crystal magnesia spinel layer; 3: single 
crystal GaAs. 

Agent: MATSUOKA, Koshiro, Patent Attorney 
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